NF-κB/p65 staining intensity was significantly decreased in the post-treatment tumor samples compared with the pretreatment samples. All patients whose tumors showed strong cytoplasmic NF-κB/p65 expression before neoadjuvant chemotherapy are currently disease free. Conclusion Our results suggest that strong cytoplasmic NF-κB/p65 expression could be a prognostic marker for patients with triple-negative breast cancer.
Introduction
Triple-negative breast cancers are defined as tumors that lack expression of the estrogen receptor (ER), progesterone receptor (PgR) and HER2 [1] . Because of the lack of targeted therapies, chemotherapy is currently the only treatment option for triple-negative breast cancer [2] . Although some patients respond, a large percentage treated in the early stage relapse within 5 years. The median survival for women with metastatic triple-negative breast cancer is less than 1 year.
Neoadjuvant chemotherapy has been established as a standard treatment strategy for patients with early stage triple-negative breast cancer, although adjuvant endocrine therapy is standard for patients with ER-positive breast cancer [3] . A recent study indicated that a pathological complete response (pCR) was a suitable surrogate prognostic factor for patients with triple-negative breast cancer who received neoadjuvant chemotherapy [4] . Unfortunately, many patients do not experience a pCR, even when treated with anthracyclins and taxanes [5, 6] . Our previous study showed that the Ki67 labeling index (LI) in residual tumors after neoadjuvant chemotherapy was a strong predictor of the outcome for patients not achieving a pCR [7] . Minckwitz and colleagues also showed that patients with high post-treatment Ki67 levels (above 35 %) showed a higher risk of disease relapse for both ER-positive and ER-negative breast cancers [8] . It is therefore necessary to establish innovative post-neoadjuvant treatments for patients who do not achieve a pCR and whose residual tumors express high Ki67 levels, especially for those with triple-negative breast cancer.
Nuclear factor (NF)-κB is a heterodimeric molecule made up of two of five possible subunits: RelA/p65, c-Rel, RelB, p105/p50 and p100/p52 [9] . NF-κB is a transcription regulator with a specific motif for Bcl2 transcription. The components of NF-κB form heterodimers which are located in the cytoplasm and rendered inactive by binding to specific inhibitory molecules of the inhibitor of NF-κB (IκB) family. Under the influence of external stimuli, the IκB proteins are degraded via the ubiquitin-proteasome pathway, leading to the release of the active form of NF-κB, which translocates to the nucleus. Once in the nucleus, NF-κB regulates the expression of multiple genes involved in proliferation, apoptosis, invasion, adhesion, angiogenesis and chemoresistance [10, 11] . We recently reported that (−)-DHMEQ, a specific NF-κB inhibitor, induced anoikis and inhibited peritoneal metastasis in pancreatic cancer cells [12] . It has been shown that constitutive NF-κB activity is present in breast cancer cell lines, and is preferentially involved in the proliferation of the basal-like (triple-negative) subtype [13] .
Previous studies showed that nuclear NF-κB/p65 expression was a factor predicting resistance to neoadjuvant chemotherapy in breast cancer [14, 15] . In contrast, another study demonstrated that nuclear NF-κB/p65 expression was associated with a high histological grade, ER negativity, a higher Ki67 index and an increased pCR after neoadjuvant chemotherapy [16] . Still another study showed that an increase in the nuclear expression of NF-κB/p65 correlated with a decrease in the expression of the ER, an increase in p53 accumulation, and was associated with HER2-positive and basal-like breast cancers [17] .
In this study, we examined the nuclear and cytoplasmic expressions of NF-κB/p65 in triple-negative MDA-MB-231 cells. Furthermore, we retrospectively investigated the expression of NF-κB/p65 and Bcl2 by immunohistochemistry (IHC) in pre-and post-treatment specimens from patients with triple-negative breast cancer who were treated with anthracycline and/or taxane-containing neoadjuvant chemotherapy. We also analyzed whether the nuclear or cytoplasmic expression of NF-κB/p65 and the Bcl2 expression affect the response to neoadjuvant chemotherapy or the disease prognosis.
Methods

Cell culture and reagents
The human breast cancer cell line, MDA-MB-231, was obtained from the ATCC. These cells were maintained in RPMI-1640 culture medium supplemented with 10 % FBS, 100 units/mL penicillin and 100 μg/mL streptomycin. The cells were cultured in a humidified incubator in an atmosphere of 5 % CO 2 in air at 37 °C. The (−)-DHMEQ, a specific NF-κB inhibitor, was synthesized as described previously [12, 18, 19] , and was dissolved in DMSO and then mixed with diluents for each experiment. A mouse monoclonal anti-p65 antibody (L8F6, #6956, Cell Signaling Technology, Danvers, MA, USA) was used for the western blot analysis.
Western blot analysis
The activation of NF-κB/p65 caused by human TNF alpha and/or (−)-DHMEQ was assessed by a western blot analysis. MDA-MB-231 cells were treated with TNFα (20 ng/ mL) for 30 min with or without (−)-DHMEQ (10 μg/mL) for 2 h. Nuclear and cytoplasmic extracts were separated by SDS-PAGE and transferred onto polyvinylidene difluoride membranes. The membranes were probed with primary antibodies overnight at 4 °C and with HRP-conjugated secondary antibodies for 1 h at room temperature. The blots were developed using Amersham ECL Plus™ Western Blotting Detection Reagents (GE Healthcare Life Sciences, Chalfont St Giles, UK), and the chemiluminescence was measured using a LAS-3000 imager (Fujifilm, Tokyo, Japan). A densitometric analysis of the immunoblots was performed using the Image J software program (National Institutes of Health, Bethesda, MD, USA). Pretreatment specimens were obtained by core needle biopsies. Post-treatment specimens were obtained during surgery. The pathological response was assessed as grades 1-3 according to the following criteria: 0 (no response), 1 (mild to moderate response), 2 (marked response), 3 (complete response) according to the histopathological criteria for the assessment of therapeutic responses in breast cancer described by the Japanese Breast Cancer Society [20] . A pCR was defined as no invasive and no in situ residual tumor cells in the breast and lymph nodes [4] . The median follow-up period was 41 months (range 11-139 months). The study protocol was approved by the institutional review boards and conformed to the guidelines of the 1996 Declaration of Helsinki.
Patients and treatment
IHC analysis
One 4-µm section of each submitted paraffin block was first stained with hematoxylin and eosin to verify that an adequate number of carcinoma cells were present and that the fixation quality was adequate for an IHC analysis. Serial sections (4 µm) were prepared from selected blocks and float-mounted on adhesive-coated glass slides for ER, PgR, HER2, Ki67, NF-κB/p65 and Bcl2 staining. To determine the level of HER2 expression, tumors with a score of 2+ were tested for gene amplification by FISH. Tumors were considered HER2-positive if the IHC staining was 3+ or if the samples were FISH positive [21] . The primary antibodies used included a mouse monoclonal anti-human Ki67 antibody (clone 30-9, Ventana Medical Systems, Tucson, AZ, USA), rabbit polyclonal anti-NFκB p65 antibody (C-20, Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:600 dilution) and a mouse monoclonal anti-human BCL2 antibody (clone 124, Dako, Glostrup, Denmark; 1:200 dilution). The iVIEW DAB detection kit (Ventana Medical Systems) was used as the detection system.
The Ki67 labeling index (LI) was assessed as the percentage of tumor cells showing definite nuclear staining among 1000 invasive tumor cells in randomly selected high-power (magnification 400×) fields. NF-κB/p65 staining was assessed based on the percentage of cells showing positive nuclear and/or cytoplasmic staining, and the average cytoplasmic staining intensity of positive tumor cells was rated as 0 (none), 1 (weak) or 2/3 (strong) compared with the staining intensity of splenic cells used as an external control. When the staining level was the same as the external control, the intensity was set at 2. Bcl2 staining was assessed as the percentage of tumor cells showing definite cytoplasmic staining among 1000 invasive tumor cells.
Statistical analysis
The paired t test was used to compare the biological markers in tumors before and after neoadjuvant chemotherapy. Spearman's rank correlation test was used to study the relationships between the expression levels of clinicopathological factors and biological markers. Spearman's correlation coefficient > +0.40 or <−0.40 and p < 0.05 in Spearman's rank correlation test were considered to be significant. The Mann-Whitney U test was used to compare the IHC scores of biological markers with the response to neoadjuvant chemotherapy. Cox's proportional hazards model was used for the univariate and multivariate analyses of the predictive values for the response to neoadjuvant chemotherapy and the prognostic values for the disease-free and overall survival. The estimation of survival was performed using the Kaplan-Meier method, and differences between survival curves were assessed with the log-rank test.
Results
NF-κB/p65 expression in triple-negative MDA-MB-231 breast cancer cells
We first examined the NF-κB/p65 expression in the cytoplasm and nuclei in triple-negative MDA-MB-231 breast cancer cells by immunoblotting. The cells were grown in culture medium and treated with (Fig. 1, lanes 3 and 4) or without (Fig. 1 , lanes 1 and 2) TNFα (20 ng/mL) for 30 min. Immunoblotting with anti-NF-κB/p65 antibodies showed that NF-κB/p65 was predominantly expressed in the cytoplasm (Fig. 1, lanes 1 and 2) , and its expression was translocated into the nuclei following stimulation with TNFα ( Fig. 1, lanes 3 and 4) . The NF-κB inhibitor, (−)-DHMEQ, inhibited NF-κB/p65 expression in the cytoplasm (Fig. 1, lane 6) , and also inhibited NF-κB/p65 expression in nuclei following stimulation of the cells with TNFα (Fig. 1,  lane 7) . We concluded from these experiments that NF-κB/ p65 is predominantly expressed in the cytoplasm in triplenegative MDA-MB-231 cells.
IHC staining for NF-κB/p65, Bcl2 and Ki67 in triple-negative breast cancer tissue specimens
We next examined the expression of NF-κB/p65, Bcl2 and Ki67 in triple-negative breast cancer specimens before and after neoadjuvant chemotherapy by IHC. Of the 34 patients evaluated in the study, positive staining of NF-κB/p65 expression was present in less than 2 % of the cells in the nuclei of seven tumors before neoadjuvant chemotherapy, and in less than 10 % of cells in the nuclei of six tumors after treatment (Fig. 2a) . On the other hand, the expression of NF-κB/p65 in the cytoplasm was detected in more than 85 % of cells in 33 tumors, and in more than 98 % of cells in 30 tumors (Fig. 2b-d ). There were six tumors in which the staining intensity showed strong expression of cytoplasmic NF-κB/p65 (score 3). The expression levels of NF-κB/p65, Bcl2 and Ki67 were compared between samples obtained before and after neoadjuvant chemotherapy ( Table 2 ). The expression levels of cytoplasmic NF-κB/p65 and the Ki67 were significantly lower in posttreatment tumors compared with the pretreatment samples (p = 0.004, p = 0.004 and p = 0.0002, respectively). In contrast, the Bcl2 expression was significantly higher in post-treatment tumor samples compared with the pretreatment samples (p = 0.004). The cytoplasmic NF-κB/ p65 expression was negatively correlated with the lymph node status (Spearman's correlation coefficient −0.465, p = 0.006 by Spearman's rank correlation test, Table 3 ). The Bcl2 expression was not significantly correlated with any of the clinicopathological factors examined ( Table 3 ).
The expression levels of NF-κB/p65, Bcl2 and Ki67 before neoadjuvant chemotherapy also showed no significant correlations (data not shown).
The expression of NF-κB/p65, Bcl2 and Ki67 is not associated with the response to neoadjuvant chemotherapy
We then examined whether the expression of NF-κB/p65, Bcl2 and Ki67 affected the response to neoadjuvant chemotherapy. The expression levels of nuclear or cytoplasmic NF-κB/p65, Bcl2 and Ki67 in the pretreatment samples were not associated with the clinical response to neoadjuvant chemotherapy (Table 4) . There were six patients who achieved a pathological complete response (pCR) after the treatment. The expression levels of NF-κB/p65, Bcl2 and Ki67 before neoadjuvant chemotherapy were compared between the grade 0-2b tumors and those with a pCR. The expression levels of these three genes were not associated with the pCR rate ( Table 5 ). The cytoplasmic NF-κB/p65 intensity score before neoadjuvant chemotherapy was 3 in two tumors and 2 in four tumors out of the six tumors that showed a pCR. There were no clinicopathological or biological factors that could predict a pCR according the univariate analysis (Table 6 ).
High cytoplasmic NF-κB/p65 expression before neoadjuvant chemotherapy is associated with a good prognosis
To identify the factors that affected the prognosis of patients who received neoadjuvant chemotherapy, the clinicopathological factors and expression of NF-κB/p65, Bcl2 and Ki67 in tumors both pre-and post-treatments were examined. The lymph node status, nuclear grade and Ki67 LI before neoadjuvant chemotherapy were significantly Table 7 ). The lymph node status was the only factor that was significantly associated with the disease-free survival in the multivariate analysis (p = 0.03, Table 7 ). All of the patients whose tumors showed high cytoplasmic NF-κB/p65 expression (score 3) in pretreatment samples are currently disease free (Fig. 3a) . Moreover, all patients whose tumors showed a pCR in this analysis are currently disease free. A Kaplan-Meier analysis showed that high cytoplasmic NF-κB/p65 expression (intensity score 3) (Fig. 3a, b) was correlated with a better disease-free and overall survival. Although nuclear NF-κB/ p65 expression was detected in less than 2 % of cells in seven pre-treatment tumors, and less than 10 % of cells in six post-treatment tumors, no correlation was observed between the nuclear NF-κB/p65 expression and prognosis.
Discussion
We analyzed the expression of NF-κB/p65, Bcl2 and Ki67 in pre-and post-treatment samples in order to determine their prognostic and predictive potential in women with triple-negative breast cancer who had been treated with neoadjuvant chemotherapy. All patients whose tumors showed high cytoplasmic NF-κB/p65 expression (intensity score 3) before neoadjuvant chemotherapy are currently disease free. Furthermore, the cytoplasmic NF-κB/p65 intensity score before neoadjuvant chemotherapy was 3 in two tumors and 2 in four tumors of the six total tumors that showed a pCR, and all six patients whose tumors showed a pCR are currently disease free. Our results suggest that high cytoplasmic NF-κB/p65 expression might be a prognostic marker in triple-negative breast cancer. Our previous study demonstrated that patients whose tumors contained high levels of Ki67 responded effectively to anthracycline and taxane-containing neoadjuvant chemotherapy [7] . Furthermore, a high Ki67 expression level in post-treatment tumors was strongly correlated with a poor disease-free and overall survival. Jones and colleagues also demonstrated that the post-chemotherapy Ki67 level was a Table 4 Correlations between the clinical response and expression levels of biological markers in specimens before neoadjuvant chemotherapy a Percentage of cells strong predictor of the outcome for patients not achieving a pCR [22] . Our present study demonstrated that the expression of Ki67 in pre-treatment tumors was not associated with improved pCR rates, and that high Ki67 expression levels in post-treatment tumors were not correlated with a poor prognosis in triple-negative breast cancer, although the Ki67 expression levels were significantly decreased in the post-treatment tumors compared with the pretreatment samples. Recent analyses have shown that the prognostic value of a pCR after neoadjuvant chemotherapy must be rated differently according to the cancer subtype [23] , and that patients with triple-negative, ER-HER2+ and luminal B tumors who achieve a pCR after neoadjuvant chemotherapy showed a significantly better outcome than did patients who did not achieve a pCR [4] . Our previous study showed that all patients whose tumors exhibited a pCR had a good prognosis, regardless of the breast cancer subtype [7] . Our present study also demonstrates that all six patients whose tumors showed a pCR are currently disease free. Furthermore, we showed that all patients whose tumors had high NF-κB/p65 expression (intensity score 3) in the pretreatment samples are currently disease free.
Previous studies demonstrated that nuclear NF-κB/ p65 staining in pre-treatment samples was linked to resistance to neoadjuvant chemotherapy [14, 15] . In contrast, Jones and colleagues reported that nuclear NF-κB/p65 staining was associated with a high histological grade, ER negativity and a higher tumor grade, and that patients with nuclear NF-κB/p65 staining had a higher pCR rate than those without [16] . Furthermore, NF-κB/p65 staining was evident in the nuclei of only a few cells in seven tumors before neoadjuvant chemotherapy in our analysis, although the antibodies for NF-κB/p65 we used were the same as those used in the previous studies. Moreover, nuclear NF-κB/p65 expression was detected in only a few cells in six post-treatment tumors, and no correlation was observed between the nuclear NF-κB/p65 expression and response to neoadjuvant chemotherapy or with the prognosis. Furthermore, Bcl2 expression, as well as nuclear NF-κB/p65 expression, was detected in only a few cells, and there was no correlation between the expression of NF-κB/p65 and Bcl2 in our analysis. Little NF-κB/p65 was present in the nuclei of triple-negative MDA-MB-231 cells, and the NF-κB/p65 expressed in the cytoplasm was translocated into the nuclei following stimulation with TNFα. Thus, constitutive activation of NF-κB/p65 might not be common in triple-negative breast cancer. Because ER-or HER2-positive breast cancers were included in the previous studies, the status of NF-κB/p65 expression or activation might differ among breast cancer subtypes.
Our results indicate that strong cytoplasmic NF-κB/p65 expression correlates with a good prognosis in triple-negative breast cancer. The role of cytoplasmic NF-κB/p65 has not yet been clarified, although several studies have demonstrated a correlation between nuclear expression of NF-κB/ p65 and the response to chemotherapy. NF-κB in the cytoplasm forms dimers, which bind to specific inhibitors (IκBs), and cell stimulation activates the IκB kinase (IKK) complex. Activated IKK then phosphorylates NF-κB-bound IκB proteins, targeting them for polyubiquitination and rapid degradation. The freed NF-κB dimers translocate to the nucleus, where they coordinate the transcriptional activation of several hundred target genes [9] . It has been suggested that some mechanisms of inactivation of NF-κB/ p65 retain NF-κB/p65 in the cytoplasm, and lead to a better prognosis in triple-negative breast cancer.
In conclusion, the present data indicate that cytoplasmic NF-κB/p65 expression is negatively correlated with the lymph node status, and that patients whose tumors contain high NF-κB/p65 expression before neoadjuvant chemotherapy have a good prognosis, regardless of their response to the treatment. Our results suggest that high cytoplasmic NF-κB/p65 expression could be a prognostic marker in triple-negative breast cancer. Investigations of the mechanism(s) underlying NF-κB/p65 accumulation in the cytoplasm could lead to the identification of new characteristics of triple-negative breast cancer. Fig. 3 The disease-free (a) and overall (b) survival according to the intensity score of cytoplasmic NF-κB/p65 expression before neoadjuvant chemotherapy. All patients with a score of 3 were disease free at the last follow-up
